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57 ABSTRACT

A shock control fairing for mounting a junction between
adjoining aircraft surfaces. The fairing has a cross-sectional
profile which varies along the length of the fairing. The cross-
sectional profile of the fairing has a maximum area at a
location which, when mounted to an aircraft, is substantially
proximal to a location on the surface of the aircraft at which
a shock would be expected to develop without the fairing.
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AIRCRAFT FAIRING

FIELD OF THE INVENTION

[0001] The present invention relates to a fairing, and more
particularly to a shock control fairing for mounting on the
upper surface of a junction between an aircraft fuselage and
wing.

BACKGROUND TO THE INVENTION

[0002] As shown in FIG. 1, many aircraft include a fairing
at the upper surface 203 of a junction between the aircraft
fuselage 205 and wing 201 (i.e. the upper surface of the wing
root). One function of such fairings is to reduce or eliminate
separation of the airflow in the region of the junction and
thereby reduce viscous drag on the aircraft.

[0003] A typical prior art wing root fairing 209 is in the
form of a concave, wedge-shaped fillet (the upper surface of
the which is represented by the mesh in FIG. 1). The fillet
starts at a mid-chord region of the wing root and extends to a
maximum cross-sectional area at, or slightly aft of, the trail-
ing edge of the wing root. These known fairings are referred
to herein as a “conventional wing root fairing”.

[0004] When aircraft operate at transonic speeds, at least
one shock may develop in the region of the wing root and/or
over the upper surface of the inner wing. The shock may be
undesirable for a number of reasons. For example, the shock
can cause considerable wave drag and may also limit the
amount of 1ift that the inner region of the wing generates.
[0005] Embodiments of the present invention seek to pro-
vide a fairing for an aircraft, which removes or mitigates at
least one of the above-mentioned problems.

SUMMARY OF THE INVENTION

[0006] According to a first aspect of the present invention,
there is provided a shock control fairing for mounting on a
junction between aircraft components;

[0007] the fairing having a cross-sectional profile which
varies along the length of the fairing; wherein the cross-
sectional profile has a maximum area at a location which,
when mounted to an aircraft, is substantially proximal to a
location on the surface of the aircraft at which a shock would
be expected to develop without the fairing.

[0008] The shock control fairing may be arranged for
mounting on the upper surface of a junction between an
aircraft fuselage and wing;

[0009] wherein the cross-sectional profile has a maximum
area at a location which, when mounted to an aircraft, is
substantially proximal to a location on the upper surface of
the aircraft wing at which a shock would be expected to
develop without the fairing.

[0010] The shock control fairing may also be arranged to
reduce or eliminate separation or the airflow in the region of
the junction.

[0011] Inuse,the shock control fairing is arranged such that
its length extends along a substantially chordwise direction of
the aircraft wing root. Accordingly, it will be appreciated that
the plane of the cross-sectional profile of the fairing may be
substantially aligned in a spanwise plane.

[0012] In some embodiments the cross-sectional profile
may have amaximum area at a location which, when mounted
to an aircraft, substantially coincides with the location at
which a shock would be expected to develop without the
shock control fairing.
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[0013] As will be appreciated by a person skilled in the art,
locations on the upper surface of the wing at which a shock
would be expected to develop can be easily determined for
any given aircraft.

[0014] For example, the flow over the upper surface of a
wing, without a fairing according to the invention, may be
measured, modelled, or calculated by known techniques (for
example using wind tunnel testing or Computational Fluid
Dynamics) to determine the shock locations. Once the shock
locations have been determined, a fairing having a cross-
sectional profile in accordance with embodiments of the
invention may be provided. Depending upon the initial con-
figuration of the aircraft, determining the locations on the
upper surface of the wing at which a shock would be expected
to develop may comprise analysing the flow over the upper
surface of the wing with a prior art wing root fairing.

[0015] For some aircraft a shock may be expected to occur
at several locations on the upper surface. Accordingly, the
maximum area of the cross-sectional profile may be provided
proximal to a location at which the most significant shock
would occur. A shock may, for example, be considered sig-
nificant if it is the shock which has the greatest effect on the
lift and/or drag of the wing. Alternatively or additionally, a
shock may for example be considered significant if it
accounts for more than one tenth of a percent of the total
aircraft drag.

[0016] An aircraft provided with a shock control fairing
according to an embodiment of the invention has been found
to generate a number of advantageous effects on the flow field
surrounding the inner wing and the junction. Providing a
fairing having a maximum area at a location which is sub-
stantially proximal to a location on the upper surface of the
aircraft wing at which a shock would be expected to develop
without the fairing present is thought to modify the pressure
gradients that arise in the vicinity of the junction during flight.

[0017] As will be understood by the person skilled in the
art, the spanwise direction extends from the fuselage to the
wing tip, and is perpendicular to the longitudinal direction
such that the wing tip is at 100% span and the longitudinal
centre-line of the aircraft is at 0% span.

[0018] As will also be understood by the person skilled in
the art, the wing root chord is the value of the chord at the
wing root. On many aircraft, the geometry of the wing and/or
the fuselage may be such that the spanwise position of the
wing root varies between the leading edge and the trailing
edge of'the wing. In such circumstances, it will be understood
that the wing root chord refers to the chord at the spanwise
location on the wing that coincides with the point on the
junction lying furthest from the centre-line of the aircraft.

[0019] On a typical transonic passenger aircraft wing a
significant shock may be found to occur proximal to a mid
chord region of the wing root junction. Accordingly in some
embodiments, the shock control fairing is arranged such that,
when mounted to an aircraft, with its length extending along
a chordwise direction of the aircraft wing root, the cross-
sectional profile has a maximum area in a mid-chord region of
the wing root. For example, the cross-sectional profile may
have a maximum area located between 20% wing root chord
and 70% wing root chord. In some embodiments the cross-
sectional profile may have a maximum area located between
30% wing root chord and 50% wing root chord.

[0020] The fairing may be blended at one end, and more
preferably both ends, with an aircraft belly fairing.
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[0021] The fairing may have an upper surface arranged to
extend, when mounted to an aircraft, between an aircraft
fuselage and an upper surface of an aircraft wing. Part of the
surface may be substantially flat or concave. At least part of
the surface may be convex in the a spanwise plane and/or in a
chordwise plane.
[0022] The curvature ofthe upper surface of the fairing may
vary along its length so as to vary the cross-sectional profile of
the fairing. For example the radius of the curvature of the
surface may vary at different points along the length of the
fairing. For example the curvature of the surface may be
greatest at the location where the fairing has the maximum
cross-sectional area.
[0023] In some embodiments the curvature may vary
between a concave, flat and/or convex curvature along the
length of the fairing. The upper surface may, for example,
have a convex curvature at the location at which the cross-
sectional profile has a maximum area.
[0024] A convex fairing may be particularly advantageous
since the span wise extent of the fairing is relatively small,
whilst still providing a volume so shaped that the fairing has
the desired effect on local shock formations.
[0025] The fairing may be bulbous in shape, in that for
example the fairing includes a bulged region. The fairing may
for example generally increase in cross-sectional area along
its length to a maximum cross-sectional area and then gener-
ally decrease. The fairing may be generally elongate in shape.
At least 70% of the total volume of'the fairing may be located
between 20% and 70% wing root chord In other embodiments
at least 70% of the total volume of the fairing may be located
between 20% and 50% wing root chord.
[0026] The fairing may taper at one or both ends. The
cross-sectional area of the fairing, in a spanwise plane, may
taper to less than 5% of the maximum cross-sectional area of
the fairing in a spanwise plane. The fairing may be fully
blended, at one or both ends, with another feature of the
aircraft, for example the fuselage, or the belly fairing.
[0027] The fairing may be defined such that at least one
point in the volume of the fairing:
[0028] (i) is located above the junction by a height H,
measured perpendicular to the upper surface;
[0029] (ii) is separated from the junction along the upper
surface by a spanwise distance D1; and
[0030] (iii) is separated from the junction in a direction
perpendicular to the length of the fairing and at 45
degrees to the upper surface by a distance D2.
[0031] Atleast one point in the volume of the fairing meet-
ing the above criteria may lie in the plane where the cross-
sectional profile of the fairing has a maximum cross-sectional
area. The point may lie on the outer surface of the fairing.
[0032] Theheight H may be between 0.2% wing root chord
and 1.5% wing root chord. Spanwise distance D1 may be
between 1.5% wing root chord and 7% wing root chord. D2
may be between 1.5% wing root chord and 8% wing root
chord.
[0033] Theheight H may be between 0.5% wing root chord
and 2% wing root chord. Spanwise distance D1 may be
between 2.5% wing root chord and 3.5% wing root chord. D2
may be between 3% wing root chord and 4% wing root chord.
[0034] For example, H may be at least 0.5% wing root
chord, D1 may be at least 3% wing root chord and D2 may be
at least 3% wing root chord. For example, H may be at least
0.5% wing root chord, D1 may be at least 3.0% wing root
chord and D2 may be at least 3.3% wing root chord. For
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example, H may be at least 0.6% wing root chord, D1 may be
at least 3.2% wing root chord and D2 may be at least 3.5%
wing root chord.

[0035] The fairing may be used to cover, store, or house,
various aircraft equipment. For example, the fairing may
house an oil cooler, or an air conditioning pack.

[0036] The aircraft may be an aircraft designed to travel at
transonic speed. The present invention is generally of greater
application to larger aircraft. The aircraft may be heavier than
50 tonnes dry weight, and more preferably heavier than 200
tonnes dry weight. The aircraft may be of a size equivalent to
an aircraft designed to carry more than 75 passengers, and
more preferably more than 200 passengers.

[0037] According to another aspect of the invention there is
provided a method of designing a shock control fairing for
mounting on the upper surface of a junction between an
aircraft fuselage and wing, the method comprising the steps
of

[0038] (iv) determining the location at which a shock
would be expected to develop on the upper surface of the
aircraft wing without the provision of a shock control
fairing;

[0039] (v) defining the geometry of the shock control
fairing such that the fairing has a cross-sectional profile
which varies along the length of the fairing has a maxi-
mum area arranged to be proximal to said shock loca-
tion.

[0040] The step of determining the location at which a
shock would be expected to develop may comprise: providing
amodel of at least part of an aircraft, the model comprising at
least part of a wing, at least part of a fuselage and a junction
of'the wing and fuselage; and modelling the flow field over the
model. The step of defining the geometry of the shock control
fairing may comprise: modifying the geometry of the junc-
tion of the wing and fuselage; and modelling the flow field
over the modified geometry model.

[0041] The method may be carried out using as an iterative
process so as to optimise the advantages provided by the
shock control fairing. Accordingly the method may comprise
repeating the steps of modifying the geometry of the junction
of'the wing and fuselage; and modelling the flow field over the
modified geometry model; until the flow field over the modi-
fied geometry model, when compared to flow field over the
unmodified model, has at least one of the following differ-
ences:

[0042] (a)adecreaseinthe sweep angle of at least part of
the first shock wave relative to the flow direction,

[0043] (b)a decrease in the strength of at least part of the
first shock wave, and/or

[0044] (c) the replacement of at least part of the first
shock wave with a substantially isentropic recompres-
sion.

[0045] The skilled person will appreciate that the method
may be carried out by empirical or analytical techniques. In
some embodiments a computer model of the aircraft may be
used and the flow may be modelled using Computational
Fluid Dynamics.

[0046] A method may further comprise the step of manu-
facturing a shock control fairing substantially in accordance
with the defined geometry and, optionally, fitting the shock
control fairing to an aircraft.

[0047] It will be appreciated that the shock control fairing
according to any embodiment of the invention may be incor-
porated into a new aircraft design. Therefore, the fairing may
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be an integral part of the aircraft, for example it may be
formed as part of the upper surface of the aircraft wing or as
apart of the fuselage. In other embodiments the shock control
fairing may be retro fitted onto the junction of an existing
aircraft and may, therefore, be provided as a discrete compo-
nent.

[0048] It will be understood that features described with
reference to the fairing, aircraft or method according to one
aspect of the present invention are equally applicable to the
fairing, aircraft or method according to any another aspect of
the present invention and vice versa. For example, the geom-
etry of the modified computer model may be such that, if a
fairing in accordance with the modified computer model were
installed on an aircraft including a wing and a fuselage having
a geometry in accordance with said computer model of at
least part of an aircraft, the aircraft including the fairing
would be substantially in accordance with the fairing of the
invention as described herein.

DETAILED DESCRIPTION OF AN
EMBODIMENT

[0049] An embodiment of the invention will now be
described, by way of example only, with reference to the
accompanying schematic drawings of which:

[0050] FIG. 1 is a perspective view of representing the
arrangement of a typical prior art wing root fairing;

[0051] FIG. 2 is a perspective view of part of the aircraft
according to the first embodiment of the invention;

[0052] FIG. 3 isa front view of part of an aircraft according
to a first embodiment of the present invention;

[0053] FIGS. 4a and 4b are schematic plan views of the
inner wing region showing the typical shock pattern of an
aircraft fitted with a known conventional wing root fairing
and part of the aircraft according to an embodiment of the
invention;

[0054] FIGS. 5a to 5¢ are plots showing the chordwise
pressure distribution at three stations along the wing of the
aircraft according to the first embodiment of the invention;
[0055] FIG. 6 is a perspective view of part of an aircraft
according to an embodiment of the invention and

[0056] FIG. 7 illustrates the variation of the cross-sectional
area of a shock control fairing according to an embodiment of
the invention and a traditional wing root fairing.

[0057] Asdescribed above FIG. 1 represents a conventional
wing root fairing. The skilled person in the art will appreciate
that many aircraft include such a fairing located on the upper
surface of the junction between the fuselage and wing. Such
conventional wing root fairings are provided to control
boundary layer separation in the junction region and, thereby
reduce the occurrence of resulting vortices and drag. A con-
ventional wing root fairing is typically, and in the present
context it may be assumed to be, substantially in accordance
with the following exemplary definition. The conventional
wing root fairing is triangular or concave in cross-section and
so shaped that at least 90% of the volume of the conventional
wing root fairing is located between 50% chord and the trail-
ing edge of the wing. The cross-sectional area of the conven-
tional wing root fairing increases linearly between 60% chord
and the trailing edge (100% chord) of the wing. The cross-
sectional area of the fairing tapers from zero in the region
between the leading edge (0% chord) of the wing and 60%
chord. In other words, the cross-sectional area of a conven-
tional wing root fairing varies along the length of the fairing
and has a minimum cross-sectional area (for example, zero) at
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the leading edge and, in direct contrast to the present inven-
tion, has a maximum cross-sectional area at, or close to, the
trailing edge.

[0058] Referring to FIGS. 2 and 3, an aircraft according to
a an embodiment of the invention comprises a wing 1 having
anupper surface 3 which forms a junction 7 with the fuselage
5 at the wing root. The aircraft also comprises a bulbous,
generally convex fairing 9 (shown as a computer generated
mesh) located on the upper surface 3 of the wing 1 at the
junction 7. The fairing is hollow and may house aircraft
systems, for example an air-conditioning unit (not shown).
[0059] The fairing 9 extends between leading edge 15 and
trailing edge 1a of the wing 1 and tapers at either end so as to
be blended with the belly fairing 10. The cross-sectional
profile of the fairing varies along the length of the fairing (as
seen most clearly in FIG. 6) and has a maximum area in the
mid-chord region of the wing (where the fairing appears
noticeably bulged). 70% of the total volume of the fairing is
located between approximately 30% wing root chord and
70% wing root chord (it will be understood by the skilled man
that chord measurements are made from the leading edge 15
of the wing, thus the leading edge 15 is at 0% chord and the
trailing edge 1a is at 100% chord).

[0060] The fairing has a surface that, at one point, is convex
in both the spanwise and chordwise planes. This point is
located at approximately 40% wing root chord (i.e. where,
had the aircraft been fitted with a conventional wing root
fairing, a shock would have developed (see FIG. 4a)).
[0061] The aircraft of the first embodiment represents a
typical short to medium range, narrow-body, commercial
passenger aircraft having a nominal wing root chord of 6 m.
Dueto the incidence ofthe wing and the shape of the fuselage,
the junction 7 is closer to the centre-line of the aircraft at the
wing trailing edge 1a than at the wing leading edge 15. The
wing root chord is the chord at the spanwise location on the
wing that coincides with the point on the junction 7 lying
furthest from the centre-line of the aircraft (the notional line
showing this spanwise location being labelled with the letter
‘A’ in FIG. 2).

[0062] In the first embodiment of the invention, part of the
fairing 9 extends between 20% and 60% wing root chord.
[0063] A region X on the part of the fairing 9 between 20%
and 60% wing root chord also lies at a height H of more than
0.5% wing root chord (approximately 3 cm) above the upper
surface 3 of the wing 1. Inaddition, this region X of the fairing
9 lies more than a distance D, of 3.0% wing root chord
(approximately 18 cm) in a spanwise direction from the junc-
tion. Furthermore, this region X of the fairing 9 is located
more than a distance D, of 3.3% wing root chord (approxi-
mately 20 cm) in a direction perpendicular to the longitudinal
direction and at +45 degrees to the horizontal plane, from the
junction 7.

[0064] This region X of the fairing 9 also lies at a height H
of less than 1.0% wing root chord (approximately 6 cm)
above the upper surface 3 of the wing 1, and less than a
distance D1 of 6.0% wing root chord (approximately 36 cm)
in a spanwise direction from the junction.

[0065] FIG. 2 shows the notional volume (not necessarily
to scale) in which the at least one point in the fairing 9, and
more specifically in the above-mentioned region X, lies. The
volume has been shaded for the sake of clarity. FIG. 3 shows
the dimensions D1, D2 and H that may be used to define the
location of the at least one point in the fairing 9, relative to the
junction 7.
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[0066] FIG. 4a shows the location at which shockwave 11
would be expected to occur on an aircraft which is fitted with
a conventional wing root fairing. The position of the shock-
waves as shown was determined by calculating the flowfield
using Computational Fluid Dynamics software. The flow
conditions used had a free stream flow of approximately
Mach 0.8 and an aircraft lift coefficient of approximately 0.5.
The flowfield was shown to contain a shock 11 at approxi-
mately 40 to 25% chord (the chordwise position of the shock
11 changing along the span of the wing). It will be appreciated
that the relative strength of the shock 11 is illustrated in the
figure by the thickness of the representative line. The shock
11 gives rise to pressure drag and a loss of lift over the
downstream region of the wing 3.

[0067] FIG. 4b shows shockwave locations on part of the
aircraft according to the first embodiment of the invention.
The flow conditions are the same as those in FIG. 4a, but the
flowfield is clearly different. The presence of the fairing
modifies the airflow and gives rise to beneficial effects such as
reducing shockwave strength resulting in reduced wave drag
while still controlling separation of flow in the region of the
junction (in the substantially the same manner as a conven-
tional wing root fairing).

[0068] Most notably, the shock 11 is substantially reduced
along virtually all the inner region of the wing 1 and the
remaining inner weak wing shock 15 is moved aft, towards
the training edge 1a.

[0069] FIGS. 54 to 5¢ show the chordwise pressure distri-
bution at spanwise locations (shown in FIGS. 4a and 454 as
lines a, b and ¢) moving away from the wing root. The pres-
sure distribution on the aircraft with the conventional wing
root fairing is indicated by the solid black line, and the pres-
sure distribution on the aircraft according to an embodiment
of'the present invention is shown by the dashed line. Referring
to FIG. 5a, it can clearly been seen from the location of the
sharp pressure increase 13, that on the aircraft of the present
invention the shock 15 is further aft in the portion of the wing
close to the wing root, relative to the shock 11 on the wing
fitted with the conventional wing root fairing. This is benefi-
cial as it extends the region of low pressure on the upper
surface of the wing, thus increasing lift.

[0070] FIG. 55 shows the pressure distribution a little fur-
ther outboard along the wing. On the aircraft comprising the
conventional wing root fairing, there is a significant increase
in the upper surface pressure at approximately 25% chord.
This sharp rise is caused by the shock 11. However, on the
aircraft according to embodiments of the present invention,
the shock 11 has been replaced by a substantially isentropic
recompression. The pressure thus gradually increases
between 20% and 50% chord. The aircraft therefore experi-
ences significantly less wave drag than the same aircraft com-
prising the conventional wing root fairing. This region of the
wing 1 also generates more lift than the corresponding region
of the aircraft wing with the conventional wing root fairing.
[0071] FIG. 5¢ shows the pressure distribution yet further
out on the wing. At this point the fairing has less effect on the
flowfield and the pressure distribution is similar to that on the
known aircraft. There is, nevertheless, a slight increase in the
roof-top length on the upper surface of the wing of the aircraft
according to the present invention, and thus an increase in the
aircraft lift.

[0072] FIG. 6 is a perspective view of part of an aircraft
according to a second embodiment of the invention. The
aircraft comprises a wing 101 having an upper surface 103
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which forms as junction with the fuselage 105 at the wing
root. The aircraft also comprises a fairing 109 (shown in FI1G.
6 as a computer generated mesh) located on the upper surface
103 of the wing 101 at the junction.

[0073] FIG. 7 represents a comparison of the variation of
the cross-sectional area of a shock control fairing according to
the embodiment of FIG. 6 relative to a conventional wing root
fairing. The cross-sectional area of the conventional fairing
(dashed line) can be seen to increase from a minimum at the
wing leading edge (0% root chord) to a maximum at the wing
trailing edge (100% root chord). The fairing according to an
embodiment the invention has a maximum cross-sectional
area in the mid-chord region with the area increasing along
the length of the wing root from the trailing edge to the
mid-chord region and then decreasing from the maximum
area toward the trailing edge.

[0074] FIG. 7 also shows representative cross-sections of
the wing root fairing at the locations indicated by the lines
A-A, B-B and C-C on FIG. 6. These locations respectively
correspond to approximately 20% root chord, 45% root chord
and 70% root chord. The Cross-sectional profile of the fairing
at section A-A has a relatively small cross-sectional area. The
upper surface of the fairing at section A-A has a concave
curvature. The Cross-sectional profile of the fairing at section
B-B has a relatively large cross-sectional area and approxi-
mately corresponds to the maximum cross-sectional area of
the fairing. The upper surface of the fairing at section B-B has
a convex curvature. The Cross-sectional profile of the fairing
at section C-C has a relatively small cross-sectional area but
has a slightly larger area than that of section A-A. The upper
surface of the fairing at section C-C a substantially neutral
(i.e. flat) curvature. The cross sectional area for each cross
section is indicated on the graph. Thus, it can be seen that the
spanwise curvature of the upper surface of the fairing may be
varied in order to provide the desired local cross-sectional
area.

[0075] The aircraft of the second embodiment represents a
typical medium to long range, wide-body, commercial pas-
senger aircraft having a nominal wing root chord of 10 m. Part
of'the fairing 109 lies between 20% and 40% wing root chord,
at a height H of more than 0.6% wing root chord (approxi-
mately 6 cm) above the upper surface of the wing 101, more
thanadistance D, 0£3.2% wing root chord (approximately 32
cm) in a spanwise direction from the junction, and more than
adistance D, 0f3.5% wing root chord (approximately 35 cm)
in a direction perpendicular to the longitudinal direction and
at +45 degrees to the horizontal plane, from the junction 7.
[0076] The fairing tapers to zero cross-section at approxi-
mately 10% wing root chord and blends with the belly fairing
110 at the trailing edge of the wing. 70% of the total volume
of the fairing is located between approximately 20% wing
root chord and 50% wing root chord.

[0077] In order to confirm that embodiments of the inven-
tion may be advantageous on a variety of aircraft, the flow-
field around the wing of FIG. 6 was calculated using Com-
putational Fluid Dynamics code. These calculations were
performed in an identical manner to that of the field for FIGS.
4 and 5 but with a slightly higher free stream flow and aircraft
lift coefficient, as appropriate for a wide body commercial
aircraft.

[0078] The results of this analysis (not shown) supported
those shown in FIGS. 4 and 5. Specifically, the flow field for
a wide-body aircraft having a conventional wing root fairing
was found to contain a forward shock at approximately 25%
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chord, and an aft shock located at approximately 75% chord.
In contrast, the flowfield for the aircraft according to the
second embodiment of the invention showed that the forward
shock was removed, and replaced by a small shock created
close to the fairing.

[0079] The chordwise pressure distribution plots at closely
spaced spanwise locations along the wing of the aircraft
according to the second embodiment of the invention were
compared to the pressure distribution on several aircraft with
conventional wing root fairings in the same manner as
described above with reference to FIG. 5. Although the suc-
tion peak on the wing of the aircraft according to the second
embodiment was slightly less than that on some of the aircraft
with known wing root fairings, the roof top length was con-
siderably longer and at lower pressure, giving greater lift.

[0080] CFD calculations indicate that for a typical wide-
body commercial aircraft, embodiments of the present inven-
tion may gives rise to a drag reduction of approximately 2.5%
of aircraft drag in comparison with some known aircraft
configurations. At a typical design cruise speed there was
found to be a reduction of approximately 2% of aircraft drag.
At a slightly higher cruise speed there was found to be a
reduction of approximately 4% of aircraft drag.

[0081] Whilstthe present invention has been described and
illustrated with reference to particular embodiments, it will be
appreciated by those of ordinary skill in the art that the inven-
tion lends itself to many different variations not specifically
illustrated herein. For that reason, reference should be made
to the claims for determining the true scope of the present
invention. By way of example, certain variations to the above-
described embodiments will now be described.

[0082] It will be appreciated that while embodiments have
been described above with reference to aircraft representing a
typical short to medium range, narrow-body, commercial
passenger aircraft and a typical medium to long range, wide-
body, commercial passenger aircraft, the invention is not
limited to such aircraft. The skilled person would appreciate
that embodiments of the invention may be advantageous in
any aircraft where a shock would normally develop on the
upper surface of the aircraft wing during flight.

[0083] Furthermore, while embodiments of the invention
have been described with reference to the junction between an
aircraft wing and fuselage, it will be appreciated that the
invention may be of benefit at other junctions where a shock
might otherwise form on the surface of the aircraft. For
Example embodiments of the invention may be used at the
junction between the engine pylon and the lower surface of
the wing or between a wing tip and a winglet. Embodiments
of the invention may for example be of benefit where two
aircraft surfaces form an approximately perpendicular junc-
tion.

[0084] Itwill of coursebe appreciated that the values of D1,
D2 and H mentioned above could be different in relation to
the same fairing. Also, the shape of the fairing that produces
the best results on a given aircraft, in terms of shifting or
removing shocks observed in (computer models of) large
aircraft at transonic speeds could vary from one aircraft to
another. Thus, for certain aircraft sizes and shapes the values
of D1, D2 and H could be lower or higher than those men-
tioned above in relation to the drawings.

[0085] Comparing an aircraft having a fairing according to
an embodiment of the invention to an aircraft having an
unmodified configuration, which includes a conventional
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wing root fairing, embodiments of the present invention may
benefit from one or more of the following aerodynamic
effects during flight:

[0086] at least one less shock may be generated in the
region of the junction;

[0087] at least one shock may be replaced by a substan-
tially isentropic recompression;

[0088] at least one shock may be moved aft;

[0089] asimilar number of shocks may be generated, but
at least one shock may be moved aft;

[0090] the angle of at least one shock to the flow direc-
tion may be reduced (i.e. the component of the shock
normal to the flow direction, may be reduced).

[0091] An embodiment of the present invention may
thereby allow the wave drag, experienced by an aircraft dur-
ing use, to be reduced. In addition, the roof top length of the
wing surface may be increased, thereby generating improved
lift from the inner region of the wing. The above-mentioned
effects on the flow field may be assessed using a Computa-
tional Fluid Dynamics (CFD) code, for example using an
unstructured mesh Navier Stokes code.

1. A shock control fairing for mounting on a junction
between aircraft components;

the fairing having a cross-sectional profile which varies

along the length of the fairing; wherein

the cross-sectional profile has a maximum area at a loca-

tion which, when mounted to an aircraft, is substantially
proximal to a location on the surface of the aircraft at
which a shock would be expected to develop without the
fairing.

2. A shock control fairing as claimed in claim 1, for mount-
ing on the upper surface of a junction between an aircraft
fuselage and wing;

wherein the cross-sectional profile has a maximum area at

a location which, when mounted to an aircraft, is sub-
stantially proximal to a location on the upper surface of
the aircraft wing at which a shock would be expected to
develop without the fairing.

3. A shock control fairing as claimed in claim 2, wherein
the fairing is arranged such that, when mounted to an aircraft,
its length extends along a chordwise direction of the aircraft
wing root and the cross-sectional profile has a maximum area
in a mid-chord region of the wing root.

4. A shock control fairing as claimed in claim 1, wherein
the maximum cross-sectional area substantially coincides
with the location at which a shock would be expected to occur.

5. A shock control fairing as claimed in claim 1, wherein
location on the surface of the aircraft at which a shock would
be expected to develop without the fairing is the location at
which the most significant shock would occur.

6. A shock control fairing as claimed in claim 1, wherein
the cross-sectional profile has a maximum area located
between 20% wing root chord and 70% wing root chord.

7. A shock control fairing as claimed in claim 1, wherein
the fairing comprises an upper surface arranged to extend,
when mounted to an aircraft, between an aircraft fuselage and
an upper surface of an aircraft wing and the curvature of the
upper surface of the fairing varies along its length so as to vary
the cross-sectional profile of the fairing.

8. A shock control fairing as claimed in claim 1, wherein
the fairing comprises an upper surface arranged to extend,
when mounted to an aircraft, between an aircraft fuselage and
an upper surface of an aircraft wing and at least a portion of
the surface is convex.
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9. A shock control fairing as claimed in claim 7, wherein
the upper surface of the fairing has a convex curvature at the
location at which the cross-sectional profile has a maximum
area.

10. A shock control fairing as claimed in claim 1, wherein
at least 70% of the volume of the total volume of the fairing is
located between 20% and 70% wing root chord.

11. A shock control fairing as claimed in claim 1, wherein
at least one point in the volume of the fairing:

(1) is located above the junction by a height H, measured

perpendicular to the upper surface;

(ii) is separated from the junction along the upper surface

by a spanwise distance D1; and

(iii) is separated from the junction in a direction perpen-

dicular to the length of the fairing and at 45 degrees to the
upper surface by a distance D2;

wherein

H is between 0.2% wing root chord and 1.5% wing root

chord; D1 is between 1.5% wing root chord and 7%
wing root chord; and D2 is between 1.5% wing root
chord and 8% wing root chord.

12. A method of designing a shock control fairing for
mounting on the upper surface of a junction between an
aircraft fuselage and wing, the method comprising the steps
of

(1) determining the location at which a shock would be

expected to develop on the upper surface of the aircraft
wing without the provision of a shock control fairing;

(ii) defining the geometry of the shock control fairing such

that the fairing has a cross-sectional profile which varies
along the length of the fairing has a maximum area
arranged to be proximal to said shock location.

13. A method as claimed in claim 12, wherein the step of
determining the location at which a shock would be expected
to develop comprises:
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providing a model of at least part of an aircraft, the model
comprising at least part of a wing, at least part of a
fuselage and a junction of the wing and fuselage; and
modelling the flow field over the model.

14. A method as claimed in claim 13, wherein the step of
defining the geometry of the shock control fairing comprises:

modifying the geometry of the junction of the wing and

fuselage; and

modelling the flow field over the modified geometry

model.

15. A method as claimed in claim 14, further comprising
repeating the steps of

modifying the geometry of the junction of the wing and

fuselage; and

modelling the flow field over the modified geometry

model,;

until the flow field over the modified geometry model,

when compared to flow field over the unmodified model,
has at least one of the following differences:

(a) a decrease in the sweep angle of at least part of the first

shock wave relative to the flow direction,

(b) a decrease in the strength of at least part of the first

shock wave, and/or

(c) the replacement of at least part of the first shock wave

with a substantially isentropic recompression.

16. The method of claim 14, wherein the model of at least
part of an aircraft is a computer model and the flow field is
modelled using Computational Fluid Dynamics.

17. A method according to claim 12, further comprising the
step of manufacturing a shock control fairing substantially in
accordance with the defined geometry.
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